Introduction
role of hemorrhage in producing prematurity, from hemorrhage itself as an etiological factor in the develThe prevalence of respiratory distress syndrome (RDS) opment of pulmonary hyaline membranes, in premature infants is well known [7] . Correlation It is well documented that the levels of several clothas been shown to exist between bleeding episodes of ting factors increase during the course of pregnancy the mother during pregnancy and the presence of [3, 8, 33, 45] . Increased levels of some factors of the pulmonary hyaline membranes at autopsy in infants blood coagulation and of the fibrinolysin systems have who succumbed to RDS [10] . In most instances, also been shown to occur after delivery [12] and followwomen with antepartum hemorrhage deliver before ing surgery [12, 15, 37, 46] . At this time, pulmonary term [14, 35] ; it is difficult, therefore, to separate the hyaline membranes are considered to be basically clots formed subsequent to effusion of plasma from the pulmonary circulation into the alveolar spaces [17, 18, 49] . Thus, the level of circulating factors of the blood coagulation and fibrinolysin systems could have a decisive role in determining the fate of the alveolar hyaline membranes.
Deficiencies in certain components of the fibrinolysin system in premature infants have been reported [5, 6, 33, 39, 43] , and the hypothesis was presented that such deficiencies may contribute to the high incidence of RDS in premature infants. In the present study, we have analyzed the level of fibrin-stabilizing factor (FSF), also known as the Laki-Lorand factor [26] or factor XIII, in various groups of newborns, in women after normal delivery, and in women with hemorrhagic complications of pregnancy, in an attempt to find a correlation between RDS in the infants and bleeding in the mothers. Informed consent was obtained from the subjects or their parents.
Materials and Methods
In women, blood samples were obtained from the antecubital vein and in newborns, from the umbilical vein; hemorepellent needles and siliconized syringes containing 3.8% sodium citrate (1 ml with 9 ml of blood) were used. The blood was kept cold (4°) until the plasma was separated in a refrigerated centrifuge. Whenever possible, theplasma was immediately worked up. If this was not feasible, the samples were frozen and kept at-20°until the biochemical assays could be performed.
In preliminary experiments, triplicate samples determined before and after freezing at -20° showed the same FSF titers.
The samples were worked up in the order of collection.
The reagents used for the FSF assay included human fibrinogen and human thrombin [50] , both purified according to the method of HINK and MCDONALD [21] .
The same batches of reagents were used throughout the experiment. Gysteine solutions were always freshly prepared before the assay. Imidazole buffer, 0.05 M, pH 7.4, was used as a diluent.
The method used for the determination of FSF was based on the principle that clots devoid of FSF are soluble in 1 % monochloracetic acid [29, 41] . A twofold dilution series (up to 1:128) of plasma was prepared; 0.1 ml of each dilution was mixed with 0.1 ml of 0.02 M cysteine and incubated at 28° for 10 min to accomplish activation of FSF in the plasma [31] . A clot was formed at 37° in a 13-mm by 100-mm glass tube containing 0.4 ml of 0.6% fibrinogen, 0.1 ml thrombin solution (25 NIH units), 0.1 ml of 0.2 mu CaCl 2 , and 0.2 ml preincubated cysteine-plasma mixture. Control clots contained a mixture of cysteine and imidazole buffer, 0.05 M, pH 7.4, instead of plasma. One-half hour after the clot was formed, 0.8 ml of 1.4% monochloracetic acid was layered over it. The test tube was kept at 37° and the presence of the clot was checked at 10-min intervals. Control clots dissolved completely in 40 min. The FSF titer of the plasma sample was defined as the highest dilution at which the clot was still visible at 60 min.
In preliminary studies, triplicate determinations showed strict agreement in the FSF titers in all instances; therefore, in the experimental samples, single determinations were considered acceptable.
Fibrinogen and thrombin were tested for FSF contamination in the following way. In a series of control clots containing buffer instead of plasma, the concentration of cysteine was varied from 0.01 to 0.5 M, and dissolution of the clot was determined as has just been described. The concentration of cysteine did not change the dissolution time; consequently, we have accepted the reagents as being free of FSF contamination and thus suitable for the assay.
Ideally, plasma should be preincubated with thrombin to activate the FSF contained therein [29] . Because this was not feasible, the concentration of thrombin was in excess of that needed for clotting, so as to achieve immediate activation of FSF at the time of mixing. All titers reported refer to activated FSF. We have not attempted to measure the inactive form of this enzyme. During the course of clot formation, whether in vivo or in vitro, thrombin not only converted fibrinogen to fibrin, but simultaneously activated plasma FSF as it was incorporated into the clot. Thus, under the conditions of our assay, the measurement of inactive FSF would be meaningless. We have questioned whether the level of fibrinogen may have influenced the FSF titers as determined by our method. Therefore, we measured fibrinogen levels in the first 22 samples. Figure 1 shows that except for five samples, all values of fibrinogen fell within 250-400 mg/100 ml, which was considered the normal range in our laboratory. Correlation of FSF titers with the level of fibrinogen could not be established.
Results
Titers of FSF were determined in three different groups of newborns: a) healthy mature infants; b) healthy premature infants; and c) infants with RDS. The criterion for prematurity was a birth weight of 2.5 kg or less. Five of the healthy premature infants had birth weights ranging from 1.6 to 1.9 kg, the birth weights of four others fell between 2-2.4 kg. Titers of FSF in the three groups are shown in table I; the same data were projected on a distribution curve in figure 2. For the two larger series, the RDS infants and the healthy mature infants, the distributions were roughly Gaussian. The number of normal premature infants was too small to give a clear picture of the distribution, but it appeared to be a mixture of the other two groups. In normal babies, a 1:8 titer occurred with the greatest frequency: in 50% of the mature infants and in 56% of Figure 3 shows the distribution of FSF titers in a) women with bleeding complications in the last trimester of pregnancy, compared with b) healthy, pregnant women in the same trimester, and c) healthy, nonpregnant women. All 10 healthy, nonpregnant individuals had an FSF titer of 1:16. Among the 13 healthy, expectant women the majority (62%) had titers of 1:16, 31 % had titers of 1:8, and 1 % had titers of 1:32. In contrast, in women with prenatal bleeding complications, few women had titers of 1:16 (19%); most showed titers divided between 1:8 (39%) and 1:32 (42%). Thus, the distribution pattern shown by these women seems to be U-shaped or bimodal. This kind of bimodality tends to occur when nonhomogeneous patients are put into the same series.
In an attempt to distinguish possible subgroups in the series of women with bleeding complications, the individual donors were examined to see if there was 
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any relation between the etiology or severity of the prenatal bleeding episode and the FSF level. Table II shows that the cause of prenatal bleeding among 31 women was abruptio placentae in 20 (64%), placenta previa in 4 (13 %), and unclassified in 7 (2 3 %). The distribution of FSF titers within these groups did not seem to follow a pattern.
In table III, FSF titers are correlated with the severity of the bleeding episode. Subdivision into mild, moderate, and severe, follows the classification accepted in obstetrics for abruptio placentae (13, 19, 35) , which takes into consideration the general condition of the patient (shock, uterine consistency), in addition to the degree of bleeding.
In 11 (58%) of 19 patients, in whom the bleeding episode was classified as mild, the FSF titers were high (1:32). In 8 (67%) of 12 patients with moderate or severe bleeding episodes, the FSF titers were low (1:8).
Although the number of patients in these groups was small, the trend of the distribution suggests that the FSF titer may be related to the severity of the bleeding episode. Statistical analysis indicated a significant difference at the 5 % level between the two subgroups (women with hemorrhages) with regard to FSF levels.
Since every normal delivery is accompanied by some degree of blood loss, it was of interest to study FSF levels in women who did not experience hemorrhagic complications immediately after delivery, and a few days later, before discharge from the hospital. Figure 4 shows a difference between these two groups in the frequency distribution of FSF titers. When blood was collected in the delivery room, the FSF titer in the majority of patients was 1:8. Two-to-four days after delivery the maximum frequency had shifted to a titer of 1:16, the same as was found in the group of normal nonpregnant women ( fig. 3) .
This difference, however, was not found to be statistically significant. This shift may be interpreted as a compensatory response following blood loss in the course of delivery, but it could also be a reflection of fibrinolytic activity during delivery [40] , which may work in opposition to the effect of FSF, with subsequent return toward normal titers shown before pregnancy.
Because FSF titers of 1:32 (the highest found in this study) occurred most commonly in women with mild bleeding complications (table III) , and in infants with RDS ( fig. 2) , we speculated that FSF titers of mother and offspring might be correlated. In 31 deliveries, paired blood samples were obtained from the antecubital vein of the mother and the cord of the infant. Titers of FSF in these paired samples are shown in table IV. A statistically significant correlation was found to exist between the FSF titers of mothers and their infants. Whether this was the result of transuterine passage of FSF or of a common influence on the regulatory mechanism of FSF production remains to be explored.
Discussion
Since the original discovery of FSF by LAKI and Lo-RAND in 1948 [26] , the biological significance of this factor has been only partially unfolded. It is known that clots stabilized with FSF have an increased resistance to fibrinolysis by activators [9, 28, 47, 48] , and that congenital or acquired deficiency in FSF may be accompanied by a tendency to bleeding and occasionally by severe hemorrhage [1] . No previous study, however, has dealt with the possible consequences of an increased FSF level. We have referred before to the tendency of several clotting factors to overshoot in the process of hemostatic restitution. An increase in FSF levels following low grade bleeding during pregnancy, or following delivery, could be regarded as part of this general phenomenon. We know that it is not simply a reflection of an increased fibrinogen level because no correlation was found between the levels of FSF and fibrinogen in 22 consecutive patient samples ( fig. 1 ). This lack of correlation has also been reported by others [2] .
We can provide no clear-cut explanation for the increase in FSF levels following low grade bleeding as opposed to the decrease after severe hemorrhage. Several factors can be considered, however. In a severe bleeding episode, there is little time lag between onset of bleeding and delivery [3, 45] . Many hemorrhagic patients may have developed consumption coagulopathy presenting a combination of blood clotting and fibrinolysis. In patients with mild bleeding episodes, however, usually no attempt is made to produce rapid delivery; the hemorrhage is apt to be more sustained, but with less disruption of the blood clotting and fibrinolytic mechanisms. Bleeding actually may go on simultaneously with the process of hemostatic restoration and a compensatory rise in blood clotting factors.
The increased levels of FSF in infants with RDS were unexpected, since this group of patients has a high incidence of intracranial and pulmonary hemorrhage [4] . Although most clotting factors are low at birth, an increased clotting tendency has been reported to occur in the blood of normal newborns [8] , as well as in newborns with RDS [16, 22, 24, 34, 42] . KUNZER [25] noted that clots from cord blood have an increased resistance to fibrinolysis compared with those from older children, and attributed this difference to the existence of a special 'fetal' fibrinogen.
The correlation between maternal and newborn FSF levels in our study suggests transplacental passage of either FSF or some factor regulating FSF production. The molecular size of FSF was estimated by LORAND et al. [32] to be 156,000-195,000, and by LOEWY et al. [27] to be 350,000, consisting of three subunits of 110,000 each. The lower figures would place FSF in the range of the 7S antibodies that have been shown to cross the placenta [19] . If this is the case, an increased FSF level in mothers with mild bleeding episodes may be transmitted to the child, born prematurely, thus contributing to the persistence of any alveolar hyaline membrane formation that may occur. Accordingly, we feel that the results of our study may help to explain at least one aspect of the relation between bleeding complications of pregnancy and RDS of infants.
After completing this manuscript a paper by COOP-LAND et al. [11] came to our attention. These authors reported that FSF levels were lower in pregnant patients than in nonpregnant women. Our results show ( fig. 3 ) that in the third trimester of pregnancy, FSF levels were distributed according to a Gaussian curve, some higher, some lower, and some in the same range as that of normal, nonpregnant women, who exhibited a remarkably uniform titer.
Summary
Infants with respiratory distress syndrome (RDS) were found to have higher levels of fibrin-stabilizing factor (FSF) than healthy infants. Healthy mothers had relatively low levels of FSF immediately after delivery, but normal-to-increased levels were found 2-4 days later. In mothers with bleeding complications of pregnancy, FSF levels were not correlated with the etiology of hemorrhage but with the degree of severity of the bleeding episode: FSF titers were higher in patients with mild bleeding episodes, but lower in patients with moderate-to-severe bleeding. The hypothesis is presented that mothers with mild bleeding episodes are placed on bed rest and are observed for a prolonged period of time, thus gaining an opportunity for a compensatory increase in FSF synthesis; mothers with severe bleeding complications, however, are delivered rapidly, and thus they may have a low level of FSF because of blood loss. In both groups, infants are delivered prematurely and have a high risk of developing respiratory distress syndrome due to hyaline membrane disease.
Statistically, significant correlation was found between FSF titers in the mother and in cord blood. Thus, an increased FSF level in a mother with previous bleeding may be transferred to a baby with a high risk for RDS, and may contribute to the persistence of alveolar hyaline membranes if they develop.
